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∂〈W 〉 + W c
∂t










+ ∇ · F (〈W 〉 + W c) − ∇ · F (〈W 〉) = τRANS(〈W 〉) − τLES(〈W 〉 + W c)
»Æ6¼
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:~6oye<Q`nmn¥cwsxÀdK~nce0Nx{oqs~4o~6´µ6e¨ªzO¬'» U¼¸x´t'qs`ce£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+ ∇ · F (〈W 〉 + W c) − ∇ · F (〈W 〉) =
(1 − θ)
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6o+¯±~´~£o ¿ χ′l = χl − χl t% φ′l = φl − φl ¬"Bxt%´m6·x´tqs`ceN¹¸h«kccws~6`¸qs`ce+kcÔk¸dK~ppe<6x{o	6cpeL~tcmqs~qy`%eªoydK´e<oqwse<oy~µeL¸os0´eLo0¬








+ (∇ · Fc(〈W 〉 + W
c), χl) +
(∇ · Fv(〈W 〉 + W
































































+ (∇ · Fc(〈W 〉 + W
c), χl) − (∇ · Fc(〈W 〉), χl) +
(∇ · Fv(W





























+ ξ = µs
µt
·p£`cx{`¾xooy~Ku%oye<o¥ce0t%pxtc%wsdKeqye<wax´t°§f¸ke¯r¬TPVURÁ·
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¯±~wsd xt
qs`ce¯±~6´~£xtc®µwsx¥ce<o ¿ pe<t%oyx¶qrm½» ρ ¼Â·IdK~dKe<t6qsucd » ρui · i = 1, 2, 3 ¼at%°qy~qBe0tce<wy6m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Lij = αRij = αµtP̃ij −
2
3



















































































































































































































































ΦR (Wi, Wj , ~n) =
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n£x´tO
kc`ce0dKe<o¯±~w#Óª~6t%oe<wyµqyx~t4§£o ¼Â·Ix´t|qswy~ppu%0e<«¥|m¾¹EtÀ§©e<e0we¯r¬WPØ@R[·Ax{o?qy`ce<wye0¯±~wse#e0dKc~meL
qs~«xt%wse<6oeKqs`ce~6wsce0w#~¯<ucw0m«~¯qs`ce.~|eoy`%e0dKe¬«_a`%xo²xo²~¥cqsxtceL½¥nmÀe0Èn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%0ewseKqywse<qye< oe<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h°~6wye4ceqsx´{o~6t qy`ce4tnucdKe<wyx{0x´tc6wyeLpxe0t|qsouOoeL x´tÒqy`%e4cwse<oye0t|q®£ª~6wy­Ò0tÒ¥:e°¯±~6uct% xt




li/D lo/D Hy/D Hz/D
f#¬ctc~ppe<o f¬ce<´e<de<t|qso
Ô¸wHU O¬  %¬   c¬ 
8.3 × 104 4.75× 105Ô¸wÂ O¬  %¬   c¬ 
3.5 × 104 1.9 × 105
_	¥c´e U ¿ h4xt¯±eLqsucwye~¯	qs`ce~6d%upqsqyx~t%©p~dxt%oatO.6wyx{co

































%wye<µ|x~uOo?§¨ªk »He¯r¬ P HRÁ·WP 4RÁ·WP(UHRÉ¼· ¢ f?k>» PVU   RÁ·WP(U CR±¼?t%«§	f?k »Æe0¯r¬JP	CRÉ¼?oyx´d²ucqyx~t%o¸~¯Eqy`ce
osdKe¸Ã%~£¬ "Bxt%m·pqs`cxoccws~66`.´~£o+qy`ceosdKe¥:~uctOcwsm~6t%px´qyx~t%o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"	xu%wye U ¿ Óª~6d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k0§	f?kc Ô¸wHU c¬ %U c¬VU UL §f¸k
U0/1000§	f?kp Ô¸wHU %¬ | c¬VU UL §f¸k
U0/1000§	f?k  Ô¸wÂ %¬ | c¬	 UL §f¸k
U0/1000§	f?kp Ô¸wÂ %¬ | c¬	 UL §f¸k
U0/10000+§¨ U Ô¸wHU c¬ %U c¬VU UL
tanh((νV MS−LES/νk−ε)
2) U0/1000+§¨ª Ô¸wHU %¬ | c¬VU UL
tanh((νV MS−LES/νk−ε)
2) U0/1000+§¨E Ô¸wHU c¬ %U c¬VU 
tanh((tV MS−LES/tk−ε)
2) U0/1000+§¨  Ô¸wHU %¬ | c¬VU UL
tanh((tV MS−LES/tk−ε)
2) U0/1000+§¨N Ô¸wÂ %¬ 6 c¬	 UL
tanh((νV MS−LES/νk−ε)
2) U0/1000+§¨ Ô¸wÂ %¬ | c¬	 UL
tanh((νV MS−LES/νk−ε)
2) U0/1000+§¨   Ô¸wÂ %¬ | c¬	 UL
tanh((νV MS−LES/νk−ε)
2) U0/10000+§¨  Ô¸wÂ %¬ | c¬	 UL
tanh((tV MS−LES/tk−ε)
2) U0/1000a§¨ U< Ô¸wÂ %¬ | c¬	 UL
tanh((tV MS−LES/tk−ε)
2) U0/10000a§¨ UU Ô¸wÂ %¬ | c¬	 UL
tanh((LV MS−LES/Lk−ε)

























lr§f¸kc p¬ 6 c¬VU   U¬ 6 %¬(U  U6¬ 6
§f¸kp p¬VUU c¬VUUL c¬   %¬(UL U U6¬(U 
§f¸k  p¬   c¬     c¬     %¬(UL U6¬(U 
§f¸kp p¬    c¬     c¬ 6   %¬(UL U6¬ %U
a§©¨U U¬  c¬VU0  c¬     %¬(U   U6¬  
a§©¨+ U¬   c¬VU<  c¬   U< %¬(UL U6¬  
a§©¨N U¬    c¬VU U¬ 6 %¬(U U6¬  
a§©¨ p¬  U c¬VUU  c¬ 6 %¬(UL U U6¬(UL
a§©¨ª U¬   c¬ 6 c¬	  %¬(U  U6¬ 
a§©¨  p¬  U c¬   c¬	    %¬(U  U6¬(UL
a§©¨   p¬  U c¬   c¬  %¬(U  U6¬(UL
a§©¨  p¬  U c¬  *U c¬  %¬(UL U U6¬  U
a§©¨ UL p¬  U c¬   c¬  %¬(U  U6¬(UL
a§©¨ ULU p¬  U c¬     c¬  %¬(U   U6¬  
a§©¨ U p¬ 6 c¬    c¬ 6 %¬(U  U6¬(UL
¨EÈn¬» ªeLwsdt¾t% ?¥%6oyru U    6¼ p¬Ø   U¬Ø %¬(UL
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